Aurantivirga profunda gen. nov., sp. nov., isolated from deep-seawater, a novel member of the family Flavobacteriaceae , was isolated from deep seawater in the Pacific Ocean. 16S rRNA gene sequence analysis revealed that the strain could be affiliated with the family Flavobacteriaceae of the phylum Bacteroidetes and shared less than 94.6 % similarity with other species of the family with validly published names. The phenotypic characteristics of this novel isolate, such as growth properties and enzyme activities, could be differentiated from those of other species. The strain was non-motile, oxidase-positive and catalase-negative. The G+C content of the genomic DNA was determined to be 34.8 mol% and menaquinone-6 (MK-6) was the predominant isoprenoid quinone. The predominant fatty acids were iso-C 15 : 0 , iso-C 15 : 1 G, iso-C 16 : 0 3-OH, iso-C 17 : 0 3-OH and iso-C 15 : 0 3-OH. The major polar lipids comprised phosphatidylethanolamine, three unknown aminolipids and three unknown lipids. On the basis of the taxonomic data collected in this study, it was concluded that strain SAORIC-234 T represents a novel genus and species in the family Flavobacteriaceae, for which the name Aurantivirga profunda gen. nov., sp. nov. is proposed. The type strain of the type species, Aurantivirga profunda sp. nov., is SAORIC-234
The family Flavobacteriaceae, established by Reichenbach (1989) and emended by Bernardet et al. (1996 Bernardet et al. ( , 2002 , of which members approximately account for 110 genera (http://www.bacterio.net; Parte, 2014) , constitutes one of the major phylogenetic lineages within the phylum Bacteroidetes. Members of the family are widely distributed in global ecosystems, such as polar regions (Gosink et al., 1998) , desert soil (Peng et al., 2009) , freshwater (Wang et al., 2006) and marine environments (Khan et al., 2008; Yang et al., 2007; Lee et al., 2008) including deep-seawater (Qin et al., 2007) . Recent studies have shown that some members of this family possess light-activated H + -, Na + -and Cl
2
-ion pumping rhodopsins (Gó mez-Consarnau et al., 2007; Yoshizawa et al., 2012 Yoshizawa et al., , 2014 . In this study, we have isolated a bacterial strain assigned to the family Flavobacteriaceae, designated T , from deep seawater in the north-western Pacific Ocean. The strain contained the proteorhodopsin (PR) gene, albeit the strain was isolated from deep seawater (depth; 1000 m). Here we describe the characteristics of strain SAORIC-234 T , for which the name Aurantivirga profunda gen. nov., sp. nov. is proposed.
Strain T was isolated aerobically from a deepseawater sample collected in the north-western Pacific Ocean (478 009 N 1608 009 E; depth, 1000 m) during the research cruise (MR-11-05) of RV 'Mirai' [Japan Agency for Marine-Earth Science and Technology (JAMSTEC)] in May 2011. The seawater sample was immediately transferred into the cleanroom of the RV and the seawater sample was incubated on 1/10 strength marine R2A at 10 8C for 1 month. After primary isolation, the isolate was maintained on marine agar 2216 (MA; BD Difco) or in marine broth (MB; BD Difco) at 15 8C and preserved as glycerol suspensions (20 %, v/v) Unless otherwise mentioned, bacterial cells of all strains tested were incubated at 15 8C on MA and harvested after 7 days.
Temperature (4, 10, 15, 20, 23, 25, 30 and 37 8C) and pH (4.0-11.0) ranges for growth were determined by incubating the isolate on MA or in MB. Growth with 0-5 % (w/v) NaCl (at intervals of 1 %) was determined on NaCl-free medium based on the formula for MA. For the test, NaCl-free MA was prepared according to the formula for MA (BD Difco), but devoid of NaCl. Cell morphology and flagellar motility were observed by both light microscopy (BX60; Olympus) and transmission electron microscopy (TEM, CM200; Philips). For TEM, cells stained with 2.0 % (w/v) uranyl acetate were loaded on a carbon-coated copper grid. Gliding motility was examined by phase-contrast microscopy as described by Bowman (2000) . Catalase and oxidase activities were determined according to a previous report (Yang et al., 2007) . Capability for anaerobic growth was determined by incubating the strain in an AnaeroPack (Mitsubishi Gas Chemical) for 2 weeks. Gram staining was performed using a Gramstaining kit (bioMérieux). Cellular pigments of the strain and reference strains were extracted using 95 % (v/v) ethanol (Gosink et al., 1998) and the absorption profiles were determined using a UV-visible spectrophotometer (UV-3600; Shimadzu). The determination of flexirubintype pigments was performed by the bathochromatic shift test using a 20 % (w/v) KOH solution (Bernardet et al., 2002) . Other biochemical characteristics were tested by using API 20NE, API ZYM and API 50CH strips (bioMérieux). Suspension media for the API test strips were supplemented with artificial seawater [ASW, all l 21 deionized water: 25 g NaCl, 1.0 g MgCl 2 .6H 2 O, 4.0 g Na 2 SO 4 , 0.7 g KCl, 0.15 g CaCl 2 .2H 2 O, 0.5 g NH 4 Cl, 0.2 g NaHCO 3 , 0.1 g KBr, 0.27 g KH 2 PO 4 , 0.04 g SrCl 2 .6H 2 O, 0.025 g H 3 BO 3 , 0.001 g NaF, 10 ml Tris/HCl (pH 8.0)]. Results of API 20NE, API ZYM and API 50CH tests were recorded after 7 days of incubation at 15 8C. The utilization of diverse substrates as a sole carbon source was tested in a 48-well microplate equipped with 47 different carbon compounds at a final concentration of 0.2 % (w/v or v/v), according to Cho & Giovannoni (2003) . Cellular growth was monitored by using an Easy-Cyte flow cytometer (Guava Technologies). Susceptibility to the following antimicrobial agents was determined using the diffusion plate method (Jorgensen et al., 1999) : ampicillin (10 mg), penicillin G (10 mg), rifampicin (50 mg), streptomycin (10 mg), tetracycline (30 mg) and vancomycin (30 mg).
The DNA G+C content was determined using the HPLC method with a Discovery C18 column (5 mm; 15 cm64.6 mm, Supelco) as previously described (Mesbah et al., 1989) . Cells of strain T and the reference strains cultivated on MA at 15 8C for 7 days (late-exponential phase) were harvested from colonies grown on the same sectors of the plates for the analysis of cellular fatty acids. Fatty acid methyl esters were extracted and identified according to the standard protocols provided by the MIDI/ Hewlett Packard Microbial Identification system (Sasser, 1990 ) using the TSBA 6 database. Polar lipids were extracted according to the procedures described by Minnikin et al. (1984) . The total lipid profile was confirmed by spraying with molybdophosphoric acid after two-dimensional TLC. In order to identify specific lipids containing functional groups, ninhydrin, molybdenum blue and alpha-naphthol solution were used. Determination of respiratory quinones was carried out as described previously (Minnikin et al., 1984) .
The almost complete 16S rRNA gene sequence (1456 bp) was amplified and sequenced by using bacterial universal primers specific to the 16S rRNA gene: 27F, 519R, 1100F and 1492R (Lane, 1991) . To assume the phylogenetic position, the 16S rRNA gene sequence of strain SAORIC-234 T was initially compared with sequences obtained from GenBank using a BLASTN search. Strain SAORIC-234 T presented the highest 16S rRNA gene sequence similarity with members of the genera Polaribacter (Gosink et al., 1998) and Tenacibaculum (Suzuki et al., 2001) in the family Flavobacteriaceae. According to pairwise sequence comparison using the EzTaxon-e server (Kim et al., 2012) , strain T showed highest similarity with T. adriaticum B390 T (94.5 %), followed by T (94.1 %). Strains of other species in the family Flavobacteriaceae showed less than 94.0 % similarity. Multiple sequence alignment with all known species of the genera Polaribacter and Tenacibaculum was performed using CLUSTAL X (version 1.83) (Thompson et al., 1997) . The aligned sequences, in which gaps and ambiguous bases were omitted, were analysed using MEGA version 5 (Tamura et al., 2011) using neighbour-joining (Saitou & Nei, 1987) , maximum-parsimony (Fitch, 1971) and maximum-likelihood algorithms (Felsenstein, 1981) . The topology of the phylogenetic trees was confirmed by bootstrap analyses (Felsenstein, 1985) , which were based on 1000 replications. Evolutionary distance was calculated T among related species of the family Flavobacteriaceae and those with validly published names. Filled circles indicate nodes recovered by all three tree-generating algorithms: neighbour-joining (NJ), maximum-likelihood (ML) and maximum-parsimony (MP). Numbers at nodes are bootstrap percentages (equal or above 70 %) derived from 1000 replications (NJ/ML/MP; 2, less than 70 %). Galbibacter mesophilus Mok-17 T (AB255367) was used as an outgroup. Bar, 0.01 substitutions per nucleotide position.
using distance options according to the Jukes-Cantor model (Jukes & Cantor, 1969) . In the phylogenetic trees generated in this study, strain T was found to be related with species of the genera Polaribacter and Tenacibaculum by forming a larger clade with .90 % bootstrap support (in the neighbour-joining and maximum-likelihood trees), but formed a distinct evolutionary lineage separated from the two genera (Fig. 1) . In all phylogenetic trees generated using the three different algorithms, strain SAORIC-234 T did not form a monophyletic cluster with any species of the genera Polaribacter or Tenacibaculum, and so could not be assigned to any known genus in the family Aurantivirga profunda gen. nov., sp. nov.
Flavobacteriaceae. Therefore, it is suggested that SAORIC-234 T be assigned to a novel genus and species of the family Flavobacteriaceae.
DNA extraction and PCR amplification for the confirmation of PR genes were performed as previously described (Yoshizawa et al., 2012 ). An amplified fragment of approximately 490 bp from the PR gene was sequenced and compared with sequences obtained from Uniprot (http://www. uniprot.org). The PR gene of strain SAORIC-234
T showed highest similarity with the PR gene of strains of the genus Dokdonia, TIK166, (89.7 %) and DIK151 (89.7 %). To our knowledge, the isolation of a marine bacterial strain from deep seawater, which contains a PR gene, has not been reported and the presence of a PR gene in SAORIC-234 T illustrates the wide distribution of PR in nature.
The phenotypic characteristics of strain SAORIC-234 T are listed in Table 1 and the protologues and major differential characteristics are also presented in Table 1 . Cells of strain SAORIC-234 T were rod-shaped, orange, 0.4-0.6 mm wide and 0.9-2.0 mm long, and devoid of flagella (Fig. S1 , available in the online Supplementary Material). Strain SAORIC-234 T was differentiated from the genera Polaribacter and Tenacibaculum by several characteristics including the temperature range for growth, gliding motility, catalase activity, several enzyme activities and the acid production profile from carbohydrates. From the absence of gliding motility, the strain was clearly differentiated from species of the genus Tenacibaculum. The negative reaction for catalase activity also differentiated strain T from species of the genera Polaribacter and Tenacibaculum. The DNA G+C content of strain SAORIC-234 T was 34.8 mol%, which was within the range of G+C mol% reported for the family Flavobacteriaceae, but 2-6 % higher than those of the reference strains. The cellular fatty acids (.5 %) of strain SAORIC-234 T were iso-C 15 : 0 (29.6 %), iso-C 15 : 1 G (19.3 %), iso-C 16 : 0 3-OH (8.7 %), iso-C 17 : 0 3-OH (8.0 %) and iso-C 15 : 0 3-OH (7.2 %). Fatty acid proportions of iso-C 15 : 1 G, iso-C 15 : 0 3-OH and iso-C 17 : 0 3-OH distinguished strain SAORIC-234
T from related species, including the type species (P. filamentus and T. maritimum) of the two reference genera ( Table 2 ). The predominant quinone was MK-6, which is a typical quinone found in members of the family Flavobacteriaceae (Bernardet et al., 2002) . The polar lipids of strain SAORIC-234 T contained phosphatidylethanolamine, three unknown aminolipids and three unknown lipids (Fig. S2) . Phosphatidylethanolamine was the sole and only phospholipid detected in strain SAORIC-234 T , while most species of the genera Polaribacter and Tenacibaculum contain aminophospholipids and/or unknown phospholipids (Oh et al., 2012; Fukui et al., 2013; Kim et al., 2013; Li et al., 2014) . In addition, the aminolipid and unknown lipid profiles of SAORIC-234
T differed from those of other members within the Polaribacter and Tenacibaculum clade. Based on the data collected from the physiological and chemotaxonomic characterization together with phylogenetic analyses, strain SAORIC-234
T cannot be assigned to a member of the genera Polaribacter and Tenacibaculum.
In conclusion, the results of cultural, physiological, chemotaxonomic and phylogenetic characterization of strain T and other strains of species of genera within the family Flavobacteriaceae suggest that strain T represents a novel species of a novel genus within the family Flavobacteriaceae, for which the name Aurantivirga profunda gen. nov., sp. nov., is proposed. The type strain, SAROIC-234 T (5NBRC 110606 T 5KACC 18400 T ), was isolated from deep seawater (depth; 1000 m) in the north-western Pacific Ocean. The DNA G+C content of the type strain is 34.8 mol%.
